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Introduction Study on the Applied Pressure Strain on the REBCO layer
REBCO tapes are promising conductors for high field magnet applications due to their high current Pressure was applied to the left end of the tape to maintained a constant tension during the winding. " Because the REBCO layer does not lie on the neutral axis, it experiences strain during winding. It
and high field capabilities. The applied pressure can affect the strain distribution within the tape and damages can occur. A study the winding is done with the substrate side facing upward, the REBCO layer Is expected to be In
was conducted to identify the optimal pressure to allow winding for different former diameters and compression. Strain distribution at the superconducting layer location can be found by
During cable and magnet fabrication, REBCO tapes are bend around a former and experience strain. winding angles while minimizing the overstrain due to the extra tension on the tape. Interpolating the strain results for the top and bottom of the tape. |
The _britt_le c_hara_cteristic of the supercqnductiqg_ layer requires the investigation of the generated = Increasing pressure, increases the maximum strain experienced by the tape. = Results r:vere obtagdnﬁd half way aleIF\l)g thle tape’s length go a_v?dhends eI:ff_ect.I M?m_mumbva_lueds -
strain distribution to avoid overstrain condition and damages of the tapes. « At 150 MPa the strain is 17% higher than the strain at 1 MPa across the tape widtn are reported. Results are compared with the analytical solution obtained oy:
T = - = 10 MPa was identified as the optimal pressure does not significantly effect strain distribution of dsinZa dcosZa
the tape (1% higher than 1MPa) while maintaining a good level of tension. € axiat = 7+ € longitidinal = T
Former diameter 20 mm, a 60° d: distance from the neutral axis, r: bending radius
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This work investigates the effect of bending on the strain distribution of a tape during circular helical x 0.65% O P 0.50% b otto €orthe fape I y y X +
winding, the typical configuration used for the conductor in round core cable (CORC®) [1,2]. = E o - " X o | * X na0u L i X Analytical a 60°

g yP g ( ) [1.2] © 0.60% [ . N -0.55% : - c 030% r ¢ k= 0-30% - + Analytical a 45°
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Finite Element Analysis T 0.55% | ) S 060% | . . ?oson o + Analytical @ 45° P 050% | "FEA @45
- — — _ Z : 0 = : L # FEA a 60° ~ Longitudinal Strain

Structural finite element analysis using ANSY S® was performed to investigate the strain 0.50% "™ ;—3 -0.65% | .0.70% L "FEA a4 -0.70% L
distributiqn of a R_EBCO tape v_vhen _vvound In a hel?cal_ configuration. 4 mm and 2 mm wide tapes : < ; 5 75 10 125 15 175 20 5 75 10 125 15 17.5 20
were studled_for dl_fferent bending d,am_eters ano_l Wmdlng angles. | N o 0.45% -0.70% Former Diameter (mm) Former Diameter (mm)
In each configuration, the tape was initially straight and in contact with a rigid cylindrical former. O 20 40 60 30 100 120 140 160 0O 20 40 60 80 100 120 140 160 o _
The tape was angled of « degrees; a being the winding angle between the base of the former and Applied pressure (MPa) Applied pressure (MPa) = Good agreement found between finite element and the analytical results

Smaller bending radius results in higher axial and longitudinal strain
Smaller angles cause higher axial strain distribution in the tape

Its central axis

Rotation Finite Element Results

Applied

Analysis Settings Pressyre

= Tape modelled using SOLSH190 structural solid- ™
shell elements

= Cylindrical former modelled using SOLID185
solid elements

= Surface to Surface contact pairs were prescribed
between the former and the tape

« 4 mm wide REBCO Tape Conclusion and Future Work

Axial and longitudinal strain distribution within a tape were investigated for different former The strain distribution obtained with finite element analysis provides useful information to predict the

diameters and winding angles using a 4 mm and a 2 mm wide REBCO tape. critical current degradation of the tape during cable fabrication.
Future work will focus on predicting the critical current degradation based on the FEA results. These

_ _ o _ results will be validated measuring the critical current at 77 K in self field.
Axial Strain Longitudinal Strain 3D printed formers with different diameters and winding angles have been fabricated and

Former diameter 15 mm, a 45°

Former configurations

y » .- : studied: . : :
* “Bonded” conditions were used in contact measurements will be completed in the next six months.
. ~.006 -.0025
Constrains | = Diameter 20 mm, a 60° ~.004387 -.001863
" ng_ht end of the tape was fixed to the former = Diameter 20 mm, a 45° -.002775 -.001225
= Uniform pressure applied on the left end of the » Diameter 15 mm. a 60° —éggllgg -.587E-03
tape . Di 15 45¢ . 450E- .500E-04
» Thef d lockwise of 360° ameer > mm, a 002065 . 688E-03
e former was rotated counterclockwise o . = Diameter 10 mm, a 45° 003675 001325
. o .005288
Fixec .001963
. 0069 0026

Material Properties and Mesh " 2mm wide REBCO Tape

Former diameter 5 mm, a 45°

REBCO tape was modelled as a single homogeneous volume using bilinear material properties Former configurations Axial Strain Longitudinal Strain
at room temperature. The cylindrical former was modelled as a rigid body, using material studied: ‘
properties of stainless steel. -.02 -.013 \
- - TRRTIU : . i 0 -.015 -.008875 N _ _ _ o o _
The mesh_ density was chosen to obtain accuracy of results while limiting the time of the _ g!ame:er 2'5 mm, Oéoio -.01 -.00475 Additional bending configurations relevant to high-field magnet applications will be analyzed,
computation. S | | D:Zmztg : mm @ 4o --005 <. 625803 including canted-cos6 (CCT) dipole single tape and cable.
- - , A .
Mesh Density Isotropic Bilinear Material Properties at 300 K [3],[4] o 00
= 20 Elements across tape’s _ .01 . 01175 References
width Material E (GPa) Y (MPa) T (GPa) .015 015875
] | b b ] REBCO .02 .02 [1] van der Laan D C 2009 Superconductor Science and Technology 22 065013
Or_le clement through tape's 145 640 3 [2] van der Laan D C, Lu X F and Goodrich L F 2011 Superconductor Science and
thickness (SuperPower) * For both the 4 mm and the 2 mm wide tape the strain is uniform along the tape axis but changes Technology 24 042001
= Element size: 0.4 mm element Stainless across the tape width due to Poisson’s effect. [3] N.C. Allen, L. Chiesa and M. Takayasu “Structural modeling of HTS tapes and cables”, Cryogenics,
size along tape’s length and for Steel 180 950 10 = The strain distribution on the bottom side of the tape is influenced by the bonded contact http://dx.doi.org/10.1016/).cryogenics.2016.02.002, 2016.
the cylindrical former assumption made in the model [4] Matweb — Material Property Data Website: Stainless Steel Type 304, 20% Cold Rolled

http://matweb.com/search/DataSheet.aspx?MatGUID=1462ed9ca5334a75b52e748b3f3195e5



